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imazm* Mechanical Properties of Ti-8A1-1Mo~1V Alloy at Room and
! Cryogenic Temperatures,

(ABCTHACT: The tensile (Fiy, Pty and elongation), weld tensile (Pen, elongation
end joint efficiency) and notched tensile strengths and notchad/
unnotched tensile ratioe vere determined at 780, ~100°, 3202
‘and -23°F on titanium 8A1-1Mp~1V sheet material, The allocy wa
[ fay~ tested in the mill-annealed condition. The data obtained show
//\continuous increase in the yield strength, tensile strength and
/ 1d tensile strength with reduction in testing temperature. Veld |
’ int efficiencies were 100% at all testing temperatures. Elonga~
i ns of base metal and weld joints were nesrly the same at 78%,
o & SEp'z 1955. -300° and -320°F but decreased sharply at -4239F, Notched teneile -
TR ceTAUR PROJIET OFFIOE /Btrengths and notched/unnotched tensile ratioe indicate adequate
LN /\teughnass for structural applications at 78°%, -100°, and -320°F.

o CHTER However, the decrease in notched tensile strength at -1.23°F
‘and the resulting low notched/unnotched tensile ratio indicate i
poor toughness at -4239F, This alloy is not recommended for . i
structural applications at liquid hydrogen temperatures (-423°F). i
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AR {f ASTRONAUTICS

TO: Cistributioen
' FROM: Materisls Research Group, 592-1

SUBJECT: Mechanical Properties of Ti—8A1-1Mo-1V Alloy at Room and Gryoganic é
Temperatures, -

- INTRODUCT JOK

, The mechanical properties of a large number of titanium alloys have been
.determined at cryogenic temperatures, Report MRG-18%, dated 14 October

. 1660, gives the mechanical properties of nipe titanium alloys at cryogenic

; temperatures, Of these alloys, only one, the Ti-5A1-2,55n material, retains
;sufficient toughness for structural applications at -423°F (boiling point of

- 11quid hydrogen). The titanium-8A1-1Mo-1V alloy has higher tensile and yileld
. strengths at 78 F and is more easily rolled into thin gauge sheet material
<than the Ti-5A1-2,55n materisl, It was therefore the purpose of this
invastigation to deteramine if the Ti-8Al-1Mo-1V alloy would be suitable for
‘use at eryogenic temperatures,

‘The Ti=-8A1-1Mo-1V alloy used in this investigation was supplied by Titanium T
Metals Corporation of America, in 0,096 inch sheet, heat number M-9519,

”able 1 presents the chemical analysis and properties as supplied by certificate’

iof test from the supplier, The materisl was tested in the as received

gcondition.

PROCEDUEE

Blanke for tensile specimens, 9" x 13", were identified and sheared in

| directions both longitudinal and transverse to the direction of rolling.
Panels of the alloy were inert-arc fusion welded on production equipment and
sheared into tensile blanks. Smooth and welded (EMG-D-1) and notched
(MRG~D~10, Notch "A") tensile specimens were machined, A minimum of three
tensile tests in the longitudinal end two teste in the transverse directions
were<perfbrmsd on both smooth and notched specimsns at room ismperature
(78°F), -100°F (alcohol and dry ice), ~320°F (liquid nitrogen), and -423°F :
(1iquid hydrogen). Strain measurements werc made by use of extensometers ¢
(cryo=-extensometer at low temperatures) and a continuous stress stirain
recorder, Total elongations on both bage metal and welds were determined over !
a 2" gauge length msde by scribe marks with & precision block and read under
10X magnification. Strein rates were maintained at 0,002%/"/min,

until 0,2% offset yield and then 0,15"/min, until frecture, The 50,0004
Baldwin testing machine, strein recorder, sirain pacer, and extensometers are
‘periodically checked and approved by standsrds laboratory.
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e ULTo AND DISCUSIICN

:The mechenical properties of Ti-841-1Mo-1V at ambient and cryogenic temperatures:
. ;are given in Table 2., The room tempsrature properties agree quite well with ‘
——-—-— . . those obtained by the supplier (see Table 1). Yield and tensile strengths :
, -of base metsl and tensile strengths of butt welded joints increased with =~~~ =
;decrease in testing temperature (about 75% from 789F to -4{23%F). Elongations
‘of bzae metsl and welded specimens were nearly the same at 78°, -100°, and
=320°F but decreased significantly at -4230F. weld joint efficiencies were
100% at all testing temperatures, Notched tensile strengthe increased from
178°F to -320°F but decreesed at -423°F. Notched/unnctched ternsile rstios
‘decreased with reduction in testing temperatures,

‘Besed on the dsta obtained in this investigation it is believed that the °
‘Ti-841-~1Mo-1V alloy retains adequate toughness for structural use at -320 7,
‘but should not be used for structural applications at liquid hydrogen tempera~
tures (-423°F),

SIMMARY

S ii. Yield anc tensile strengthe of base metal and tensile strengths of fusion
TETEr 0 ivelds ineresse about 758 from 780F to -4230F, e e

- ‘ 2. Elongations of base metal agd welds ere nearly the same at '78°, -100°
:end -320°F but decrease at -423 F,

i3, ¥eld Joint efficlencies are 100% at all testing temperatures.

iA. NHotched tensile strengths and notched/unnotched tensile ratios irdicate
sufficient toughness for structural applications at 78%, -100° and -3200F
but not at —4230F,
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é TABLE 1
Chemical Composition snd Properties of Ti-8A1-1Mo-1V
| 0,096" Sheet; Mil) Anresled 13500F, 3 Hours: Heat M-C510 |
! :
hemist |
AMloying Element Percent
' luminum 7.8
Holybdenum 1.1
! Vanadium 1.0
" Iron .00
| . Carbon 0.02
"Nitrogen 0,012
| Oxygen 0.08
Hydrogen 0.013
ies
; Eend Test
i Direction Yield Strength Tensile Strength Elong,  (105° Press .~ -
Ireie)
| , %
i Long, 137,400 psi 145,400 psi 17% 2.9
! Trans, 135,000 psi 145,100 pai 15.5% 2.9
| |
* Certificate of Test from Titanium Metals Corporation of America, Test
A-4816, dated August 10, 1960, i
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